The receipt and translation of the signals responsible for the activation of B cells to immunoglobulin (Ig)-producing cells is largely a cell surface phenomenon and the specificity of B-cell response resides in cell surface-associated Ig molecules [see references (1) and (2)]. However, in many experiments the signals given through Ig receptors by anti-lg antibodies have not been stimulative but often served as negative signals for differentiation of B cells to plasma cells unless they were accompanied or followed by some T-cell activities (3-6). A series of our previous experiments (7-9), in which a sequential stimulation of rabbit lymphocytes with anti-lg antibody (anti-lg) and T-cell-derived soluble products (SF) I induced IgG production, have suggested that the signals given through Ig receptors were essential for the activation of B cells.
In our preceding paper (21) , it was shown that the stimulation of rabbit lymphocytes with anti-Ig or SF induced an increase of amounts and phosphorylations of nonhistone nuclear proteins in nuclei. Furthermore, the addition of dibutyryl cyclic AMP showed the same biphasic effect on the changes of nonhistone nuclear proteins as well as on IgG production induced with anti-Ig and SF. The result suggested strongly that the changes of amounts or phosphorylations of nonhistone nuclear proteins were intimately involved in the differentiation processes of B cells. As the signals given on the surface of membranes induced the changes of nonhistone nuclear proteins in nuclei, it will be reasonable to suppose that there might be some substances in the cytoplasm of anti-Igstimulated cells which are responsible for the transmission of membrane-mediated signals to nuclei. In the present experiment, we have found that cell extracts from anti-Ig-stimulated cells induced an increased phosphorylation of nonhistone nuclear proteins in the quiescent nuclei isolated from nonstimulated cells. A partial characterization of the active substance, which may be a possible candidate for the signal transmission from membranes to nuclei, has been performed.
Materials and Methods
Reagents and Antibody. Magnesium chloride (MgCI2' 6H20), calcium chloride (CaC12.12H~O), sucrose, ammonium sulfate, Triton X-100, and diphenylamine were obtained from Wako Pharmaceutical Co., Osaka, Japan. DNA, histone from calf thymus, trypsin from bovine pancreas, soybean trypsin inhibitor, and adenosine triphosphate (ATP) were purchased from Sigma Chemical Co., St. Louis, Mo. The purified goat antibody against rabbit IgG (anti-Ig) was the same preparation as that used in our previous experiment (21) .
Stimulation of Lymphocytes with Anti-Ig. Lymphocytes were obtained from mesenteric lymph nodes of a normal rabbit. After washing lymphocytes three times with Hanks' balanced salt solution, 100 million nucleated cells were suspended in 5 ml of Eagle's minimum essential medium for suspension culture (Microbiological Associates, Bethesda, Md.) supplemented with 20% fetal calf serum (Microbiological Associates) and 100 U/ml each of a mixture of penicillin and streptomycin. Cells were cultured with or without 25 ~g/ml of anti-Ig for appropriate periods of time in plastic culture dishes (60 x 15 ram; Falcon Plastics, Div. of BioQuest, Oxnard, Calif.) at 37°C.
Preparation of Lymphocyte Nuclei and Isolation of Nuclear Proteins. Preparation of lymphocyte nuclei and differential extractions of nuclear proteins were done according to the method of Levy et al. (22) and Teng et al. (23) , respectively. The details of the methods were described in our previous article (21) .
Preparation of Cell-Free Extracts from Lymphocytes. 100 million nucleated cells in 5 ml of culture medium were stimulated with 25 ~g/ml of anti-Ig. After 2 h incubation at 37°C, cells were washed three times with cold saline and resuspended in 1 ml of cold 10 mM Tris-HC1 buffer, pH 8.0. After 10 rain, cells were homogenized with 60 strokes in a tight fitting Dounce homogenizer and ultracentrifuged at 150,000g for 60 rain at 4°C. The supernate was recovered and adjusted at a final concentration of 0.1 M Tris-HCl, pH 8.0, containing 0.25 M sucrose, 0.025 M NaCl, and 0.01 M MgC12. The supernate was free from cell membranes or nuclear contamination as judged by phasecontrast microscopy and used as cell-free extracts.
Activation of Normal Nuclei with Cell-Free Extracts. Normal nuclei were isolated from nonstimulated cells and washed three times with the reaction buffer (0.25 M sucrose containing 0.01 M MgC12, 0.025 M NaC1, and 0.1 M Tris-HC1 buffer, pH 8.0) to remove detergents. Nuclear pellets were resuspended in 1 ml of the reaction buffer. 1 ml of nuclear suspension containing l0 s nuclei was mixed with 1 ml of the cell-free extracts of anti-Ig-stimulated cells and incubated for appropriate periods of time at 37°C. After incubation, nuclei were centrifuged at 900g for 10 rain at 4°C and washed with the reaction buffer to remove the cell-free extracts. Activated nuclei were used for in vitro phosphorylation. For the activation of 100 x los nuclei, the cell-free extracts obtained from 10 × l0 s cells were used, since this ratio of nuclei to extracts was optimum for the activation of nuclei.
In Vitro Phosphorylation of Nuclei. In vitro phosphorylation of nuclei was performed by the method of Rickwood et al. (24) . 100 million nuclei suspended in 1 ml of 0.25 M sucrose, 0.01 M MgC12, 0.025 M NaC1, 0.1 M Tris-HC1 buffer, pH 8.0, and 20 ~mol 7-s2P-ATP (15/~Ci/mmol) were incubated for 15 min at 37°C. The reaction was stopped by cooling in iced water and adding 5 ml of cold ethanol.
Tryptic Treatment of Cell-Free Extracts. 1 ml of cell-free extracts obtained from 10 × 106 antiIg-stimulated cells was incubated with 50/~g of trypsin at 37°C. After 20 min incubation, 150/~g of soybean inhibiter was added to stop the reaction. As a control experiment, cell-free extracts were incubated with the mixture of 50 ~g of trypsin and 150 pg soybean inhibitor for 20 rain at 37°C.
Chemical Analysis. DNA was determined by the diphenylamine reaction as modified by Burton (25) using calf thymus DNA as a standard.
Results

Induction of an Increased Phosphorylation of Nonhistone Nuclear Proteins
In the preceding paper (21), we have shown that the stimulation of lymphocytes with anti-Ig for 4-6 h induced an increased phosphorylation of NHP in nuclei. The result suggested that the stimulation of lymphocytes with anti-Ig induced an increase of the activity of the NHP-protein kinases in nuclei. In order to confirm this possibility, in vitro phosphorylation was carried out with the nuclei isolated from anti-Ig-stimulated cells. Nuclei were isolated from cells which had been incubated with 25 ttg/ml of anti-Ig for 4 h at 37°C. 100 million nuclei in 1 ml of the reaction buffer were incubated with 20 gmol of 7-=P-ATP for 15 min at 37°C. After stopping the reaction by the addition of cold ethanol, differential extractions of nuclear proteins were performed and the incorporation of a2p into each fraction of nuclear proteins was measured. As a .control experiment, nuclei isolated from the cells which had been cultured in the absence of anti-Ig were used. As shown in Fig. 1 , a significant increase of 32p incorporation into NHP fraction was observed in the nuclei isolated from anti-Ig-stimulated cells. The increase of 32p incorporation was more than two times as much as that observed in control nuclei. On the other hand, no significant increase or decrease of the phosphorylation of 0.14 M NaCl-soluble fraction or histones was observed. The same experiment was repeated three times and in every experiment about a twofold increase of s2p incorporation in NHP was observed without any concomitant increase or decrease of 32p incorporation in histones or 0.14 M NaCl-soluble fraction. The result suggested that an activity of NHP-specific protein kinase was induced in the nuclei isolated from anti-Ig-stimulated cells.
Induction of an Increased Phosphorylation of NHP in Nonstimulated Nuclei with Cell-Free Extracts from Anti-Ig-Stirnulated Cells.
The above result suggested strongly that there might be some cytoplasmic factors in anti-Ig-stimulated cells which were responsible for the induction of an activity of NHPprotein kinase in nuclei. In order to study this possibility, the following experiment was performed. After 2 h incubation of lymphocytes with anti-Ig, cells were disrupted and the cell-free extract which was free from membranes and nuclei was obtained by ultracentrifugation. Independently, intact nuclei were isolated from nonstimulated lymphecytes. Nonstimulated nuclei were incubated with the cell-free extract from anti-Ig-stimulated cells. AKer 2 h incubation at 37°C, the nuclei were washed to remove the cell-free extract and in vitro phosphorylation was carried out with these nuclei. As a control experiment, nonstimulated nuclei were incubated with the cell-free extract obtained from nonstimulated cells which had been cultured in the absence of anti-Ig. The incorporation of 3sp into each nuclear protein fraction is shown in Table I . A significant increase of 32p incorporation into NHP was observed in the nuclei which had been incubated with the cell-free extract from anti-lg-stimulated cells. The same experiment was repeated four times and the average increase of 32p incorporation into NHP fraction was about two times as much as that observed in the control experiment (Table I) . Again, no significant increase or decrease of 3sp incorporation into NaCl-soluble fraction or histones was observed. The result was exactly the same as that observed in the nuclei isolated from anti-lg-stimulated cells and suggested that the cell-free extract obtained from anti-Ig-stimulated cells contained the factor which induced the activation of NHP-protein kinases in isolated nuclei from nonstimulated cells. To exclude the possibility that the observed increase of 32p incorporation into NHP might be due to a decrease in the nuclear ATP pool because of the reduced ATP pool in cell-free extract from anti-Ig-stimulated cell, a large excess of cold ATP (3 mM) was added to the incubation mixture of cell-free extract and normal nuclei. After 2 h incubation at 37°C, nuclei were washed to remove cell-free extract and cold ATP and in vitro phosphorylation of nuclei was performed. As shown in Table If , the increased incorporation of 32p into NHP of the nuclei which had been incubated with cell-free extract from anti-Ig-stimulated cells was not significantly reduced by the addition of a large excess of cold ATP, indicating that the increased incorporation of 32p into NHP of "activated nuclei" was not due to decrease of the ATP pool in cell-free extract of anti-lg-stimulated cells. Another possibility which had to be considered was that the active substance in cell-free extract might be NHP-protein kinase itself. In order to study this possibility, the following experiment was undertaken, in which the activity of protein kinase in cell-free extract was measured with NHP isolated from nuclei as a substrate. NHP or histones which had been extracted from 100 * Lymphocytes were incubated with or without 25 /~g/ml of anti-lg. After 2 h incubation, cells were thoroughly washed and cell-free extracts were isolated. 100 million normal nuclei were incubated with the cell-free extracts. After 2 h incubation, nuclei were washed and in vitro phosphorylation was performed. million nonstimulated nuclei were incubated with cell-free extract of anti-Igstimulated cells for 15 rain at 37°C in the presence of T-32p-ATP. As shown in Table III , no significant increase of the phosphorylation of isolated NHP was observed when they were incubated with cell-free extract of anti-Ig-stimulated cells. In contrast, a twofold increase of 32p incorporation into NHP was observed when intact nuclei which had been activated with the same cell-free extract * Lymphocytes were incubated with or without 25 #g/ml of anti-Ig for 2 h and the cell-free extracts were isolated. $ Histones or NHP were isolated from 1 x 108 of nonstimulated cells and incubated with the cellfree extracts for 15 rain in the presence of T-32P-ATP. § Nuclei isolated from 1 x 103 nonstimulated cells were incubated with the cell-free extracts for 2 h. After washing nuclei, in vitro phosphorylation was performed.
were incubated with T-32p-ATP. All of these results clearly showed that cell-free extract from anti-Ig-stimulated cells contained a factor which was not a NHPprotein kinase itself but could activate a NHP-protein kinase in nuclei.
Kinetics of the Induction of the Cytoplasmic Factor in Anti-Ig-Stimulated Cells and of the Activation of NHP-Protein Kinase in Nuclei.
Lymphocytes were stimulated with anti-Ig for various time periods and the activity of cell-free extract to induce an increased phosphorylation of NHP in nonstimulated nuclei was studied. As shown in Fig. 2 , the cell-free extract obtained from the cells which had been stimulated with anti-Ig for 2 h showed the maximum activity, indicating that the cytoplasmic factor was maximally induced in cells at 2-4 h after anti-Ig stimulation.
In the experiment shown in Fig. 3 , the time-course in which cell-free extract induced the activity of NHP-protein kinase in nuclei was followed. Nonstimulated nuclei were incubated for various time periods with cell-free extract from anti-Ig-stimulated cells and the activity of NHP-protein kinase induced in the nuclei was measured by in vitro phosphorylation. As shown in Fig. 3 , the incubation of normal nuclei with cell-free extract of anti-Ig-stimulated cells for 2 h at 37°C was required for the induction of the maximum activity of NHPprotein kinase in nuclei. The incubation of nuclei with cell-free extract for 2 h at 4°C did not induce any significant increase of the phosphorylation activity in nuclei, suggesting the requirement of the energy-dependent active metabolism for the activation of nuclei with cell-free extract.
Some Properties of the Cytoplasmic Factor Responsible for the Activation of Nuclei. In order to determine the nature of the active component in cell-free extract of anti-Ig-stimulated cells, we subjected it to several treatments before incubation with normal nuclei. As shown in Table IV , dialysis of cell-free extract against the reaction buffer for 24 h at 4°C did not reduce the activity of the extract, indicating that the active factor in the cell-free extract was not a low molecular weight substance, such as a divalent cation or a cyclic nucleotide. Heating the extract at 56°C for 30 rain did not abolish the activity, whereas heating at 90°C for 30 rain reduced the activity to the background level. Diges- . After the incubation for various time periods, in vitro phosphorylation of"activated nuclei" was performed. 32p incorporation into the NHP fraction was compared to that observed in normal nuclei. 32p incorporation observed in nuclei which had been incubated with the cell-free extracts from anti-lg-stimulatod cells at 4°C for 2 h is also shown (A).
tion of the extract with trypsin completely destroyed its activity, indicating that the active component in the extract is most probably a protein. The results in Table IV show that the inactivation of the extract with trypsin was neither due to the soybean inhibitor used nor to any residual activity of trypsin present during the incubation with nuclei. The active component in the extract was precipitated with ammonium sulfate between 33 and 50% saturation.
Discussion
Our present experiment clearly shows that cell-free extract from anti-Igstimulated cells contained an active component which induced an increased phosphorylation of NHP in nonstimulated quiescent nuclei. The result that the extract induced an increased phosphorylation of NHP present in intact nuclei but did not increase the phosphorylation of isolated NHP indicated that the active component in the extract was not a NHP-protein kinase itself. Furthermore, the fact that a 2 h incubation of nuclei with the extract at 37°C had been * Cell-free extracts were obtained from anti-Ig-stimulated or nonstimulated cells. Several treatments of the cell-free extracts were performed before the incubation with nuclei. Nuclei were incubated with the treated cell-free extracts and in vitro phosphorylation was performed. 32p incorporation into NHP in nuclei incubated with the extracts of anti-lg-stimulated cells was compared with that observed in nuclei incubated with the extracts of nonstimulated cells.
required for their activation suggested that an active component in the extract was not a NHP-protein kinase itself but it induced the activity ofa NHP-protein kinase in nuclei. In the present study, however, it could not be excluded that the extract exerted its function by inhibiting the activity of NHP-phosphatase in nuclei. In any event, the active component in the extract induced the increased phosphorylation of NHP in nuclei. It may be involved in the signal-transmission responsible for B-cell differentiation, since our previous experiment (21) suggested that the increased phosphorylation of NHP was intimately involved in the differentiation process of B cells. At present, the mechanism with which the extract induced the increased phosphorylation of NHP in nuclei and the nature of the active component in the extract are unknown. It should be noted, however, that the active component was not a small molecular substance, such as a cation or a cyclic nucleotide, but probably a protein, since it was nondialyzable and sensitive to trypsin treatment. The result, however, does not necessarily exclude the possibility that the active substance might be a cyclic AMP-binding protein and it might show the function by augmenting the incorporation of cyclic AMP into nuclei. The presence of some substances in cytoplasm, which may be concerned in the activation of quiescent nuclei, has been reported by several investigators. Benbow and Ford (26) showed that the cytoplasm from early embryos of Xenopus laevis induced DNA synthesis of nuclei isolated from nondividing liver cells. More recently, Jazwinski et al. (27) reported the presence of the cytoplasmic substance in proliferating tumor cell lines which induced DNA synthesis of quiescent nuclei. At present we can not tell whether the active component shown in our present experiment is similar or not with those reported by Benbow and Ford (26) or Jazwinski et al. (27) , since it has not yet been examined in our experiment whether the extract of anti-Ig-stimulated cells induced DNA synthesis in nonstimulated nuclei. However, it would be reasonable to speculate that the active component in anti-Ig-stimulated cells might be concerned in the differentiation of B cells to the stage sensitive to the soluble factor from T cells (8) rather than in the induction of proliferation. Previously, we have shown that stimulation of B lymphocytes with anti-Ig induced acceptor sites for the soluble factor from T cells without any requirement of cellular division (8) . More recently, it was shown in our preceding paper that the addition of dibutyryl cyclic AMP along with anti-Ig augmented the increased phosphorylation of NHP as well as the IgG production induced with anti-Ig and soluble factor, whereas the addition of the same concentration of dibutyryl cyclic AMP along with the soluble factor in the second stage of culture inhibited not only the IgG production but also the increased phosphorylation of NHP induced with the soluble factor (21) . The same biphasic effect of dibutyryl cyclic AMP on the increased phosphorylation of NHP with anti-Ig or soluble factor and on IgG production suggested strongly that the increased phosphorylation of NHP was intimately involved in the processes of the differentiation and proliferation of B lymphocytes to IgG-producing cells. In the present experiment, exactly the same patterns of the phosphorylation of nuclear proteins were observed in the nuclei isolated from anti-Ig-stimulated cells and the nuclei incubated with cell-free extract from anti-Ig-stimulated cells, i.e., in beth populations of nuclei only the phosphorylation of NHP was increased and no significant changes in phosphorylation of histones or 0.14 M NaCl-soluble proteins were observed. The result suggests that the active component in the cell-free extract of anti-Ig-stimulated cells may be concerned in the transduction of the membrane-mediated signals, which are induced with anti-Ig and responsible for the increased phosphorylation of NHP as well as for the induction of B-cell differentiation to the soluble factor-responsive stage.
However, in our present and preceding experiments (21) , only the changes in the phosphorylation of total NHP were studied and we have not yet examined what kinds of NHP were phosphorylated by stimulation with anti-Ig. As it is well known, NHP are very heterogenous (18, 23) and Johnson and Hadden (20) have shown that a certain molecule of NHP, whose tool wt was about 52,000 daltons, was phosphorylated by incubation of human lymphocytes with cyclic GMP. It is essential to study which molecule(s) of NHP is phosphorylated after anti-lg stimulation. If the NHP phosphorylated in the nuclei from anti-lg-stimulated cells are the same as those found in the nuclei incubated with the cell-free extract, it could be concluded that the active component in cell-free extract is responsible for the signal transduction.
In the present experiment, the maximum activity was found in the cell-free extract from the cells stimulated with anti-lg for 2 h, showing that the active substance was induced in the cytoplasm within 2 h after anti-Ig stimulation. Our preceding experiment (21), as cited above, suggested the intimate involvement of a cyclic AMP-dependent process in the phosphorylation of NHP and showed that the cyclic AMP-dependent process proceeded 1-2 h aider anti-lg stimulation. Taking all of these results together, it will be supposed that the active component in the extract may be involved in the process modulated by cyclic AMP.
The kinetic study revealed that the active component in the extract signifi-cantly increased already at 1 h after anti-Ig stimulation. This result suggested that the induction of the active component may be due to the activation of the substance already present in the resting cells rather than due to de novo synthesis, although we should examine the effect of inhibitors of protein synthesis to confirm this possibility. In this sense, the mechanism with which the active component was induced may have some similarity to the activation of cytosol receptor for steroid hormones (28) , in which cytosol receptor induced the gene expression in target cells by binding with steroid hormones. Work is now in progress to define whether the induction of the active component is related to the functions of microtubules or microfilaments. Very recently, ligand-specific esterase activation was observed by Henson et al. (29) in the secretion process of platelet. If this situation could be applied to lymphocytes, the specific esterase might be activated by anti-Ig and it might be responsible for the activation of the cytoplasmic factor. The studies about how the active substance is induced by anti-Ig stimulation and about the molecular nature of the substance will give useful information for revealing the mechanisms of the signal transduction given through Ig receptors. Summary An increased in vitro phosphorylation of nonhistone nuclear proteins (NHP) was observed in the nuclei isolated from rabbit lymphocytes which had been stimulated with anti-Ig for 4 h. No concomitant increase of phosphorylation in histones or 0.14 M NaCl-soluble proteins was observed. The increase of in vitro phosphorylation of NHP was also observed in the nuclei isolated from nonstimulated cells when these nuclei were preincubated for 2 h with cell-free extracts from anti-Ig-stimulated cells. The active substance in cell-free extracts was maximally induced when lymphocytes were stimulated with anti-Ig for 2 h. The induction of an increased phosphorylation of NHP in nonstimulated nuclei with the cell-free extracts was not due to decrease of the adenosine triphosphate pool in the extracts from anti-Ig-stimulated cells. The active substance in cell-free extracts was not NHP-protein kinase itself, but it probably activated NHPprotein kinase in quiescent nuclei. The active substance was nondialyzable and probably protein. It was resistant against heating at 56°C for 30 min, but the activity was completely destroyed by heating at 90°C for 30 min. The active substance may be responsible for the transduction of the membrane-mediated signals given through Ig receptors to nuclei.
